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Abstract 

Background: This prospective multicenter study aimed to study the impact of the recalibration component of response- 
shift (RS) on time to deterioration (TTD) in health related quality of life (QoL) scores In breast cancer (BC) patients and the 
influence of baseline QoL expectations on TTD. 

Methods:The EORTC-QLQ-C30 and BR-23 questionnaires were used to assess the QoL in a prospective multicenter study at 
inclusion (TO), at the end of the first hospitalization (Tl) and, three (T2) and 6 months after the first hospitalization (T3). 
Recalibration was Investigated by the then-test method. QoL expectancy was assessed at diagnosis. Deterioration was 
defined as a 5-polnt decrease in QoL scores, considered a minimal clinically Important difference (MCID). TTD was estimated 
using the Kaplan-Meier method. Cox regression analyses were used to identify factors Influencing TTD. 

Results: From February 2006 to February 2008, 381 women were included. Recalibration of breast cancer patients' Internal 
standards In the assessment of their QoL had an Impact on TTD. Median TTD were significantly shorter when recalibration 
was not taken Into account than when recalibration was taken Into account for global health, role-functioning, social- 
functioning, body-Image and side effects of systemic therapy. Cox multivariate analyses showed that for body Image, when 
recalibration was taken Into account, radiotherapy was associated with a shorter TTD (HR: 0.60[0.38-0.94], whereas, no 
significant impact of surgery type on TTD was observed. For global health, cognitive and social functioning dimensions, 
patients expecting a deterioration in their QoL at baseline had a significantly shorter TTD. 

Conclusions: Our results showed that RS and baseline QoL expectations were associated with time to deterioration In breast 
cancer patients. 
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Introduction 

The assessment of longitudinal changes in subjective patient- 
reported outcomes such as health-related quality of life (HRQpL) 
is a key component of many clinical and research evaluations. 
Indeed, the aim of assessing the impact of disease and treatment 
on HRQpL is increasingly stressed as crucial for evaluating the 
overall treatment effectiveness in cancer clinical trials. Moreover, 
cancer patients require information not only related to survival 
estimates, but also regarding HRQpL issues [1]. 

The challenge of using HRQpL measurements in longitudinal 
studies or clinical trials is related to their self-report nature and also 
to their subjectivity. Because measurements of HRQoL are 



completed from the patient's perspective, they could be modified 
by psychological phenomena such as health expectancies [2,3]. 
For instance, the mechanism by which people assess or quantify 
their HRQoL could change over time. These changes, which are 
closely related to the process of accommodating to the illness, are 
referred to as response shift (RS) [4—6]. Schwartz and Sprangers 
defined response shift through three components "as a change in 
the meaning of one's self-evaluation of a target construct as a result 
of a change in the respondent's internal standards of measurement 
(recalibration), a change in the respondent's values (reprioritiza- 
tion) or a redefinition of the target construct (reconceptualiza- 
tion)[5]. A major goal of measuring patient-reported HRQoL is to 
determine to what extent changes in HRQoL scores over time 
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represent true changes in HRQpL due to treatment or cancer and 
to what extent they reflect measurement error [7] . The occurrence 
of RS has been demonstrated in breast cancer (BC) patients [8- 
10]. Response shift is a natural process that could distort the 
interpretation of change in HRQpL scores over time in 
interventional comparative studies. Characterizing response shift 
may therefore be a requirement to obtain a valid and sensitive 
assessment of change over time. 

Another concern in assessing HRQpL is how to deal with 
missing data [1 1] since they could impact the results of HRQpL 
estimate s and lead to biased interpretations. Indeed, in longitu- 
dinal studies, observations of patients can be missed at certain time 
points because they miss visits or do not fill in some questionnaires. 
In these cases, the interpretation of HRQpL results can be 
seriously hampered by these missing data. Thus, analysis methods 
requiring complete cases (e.g., multivariate analysis of variance) 
are not adequate. Analysis methods should retain, at least, all of 
the available data [1 1] but should produce results that are robust 
and meaningful for clinicians in order to help decision making 
[12,13]. In this way, the time to deterioration in Q{)L scores 
(TTD) approach has been defined as a method of longitudinal 
analysis for breast cancer (BC) patients [14]. Indeed, TTD can 
deal with missing data by making underlying assumptions about 
whether the missing data reflect a deterioration of the patient's 
health status or not. Furthermore, the measure of TTD might be 
more familiar to clinicians because it is based on Kaplan— Meier 
survival curves and hazard ratios (HR)[15]. 

The aims of this study were to evaluate the impact of the 
recalibration component of RS on TTD estimations in patients 
with BC. The secondary objective was to examine the influence of 
baseline QpL expectations on TTD in patients with BC. 

Methods 

Patients 

A prospective multicenter randomized cohort study that 
incJuded all women hospitalized for the diagnosis or treatment 
of primary BC or for a suspicion of BC was implemented in the 
cancer centers of Dijon, and Nancy, and in the university hospitals 
of Strasbourg and Reims. Patients were included between 
February 2006 and February 2008. Patients with other primary 
cancer sites than BC and patients already hospitalized or treated 
for BC were excluded. Only, women patients were included. 
Patients who declined the study or who were unable to give a 
written informed consent were excluded. 

AU of the participants gave their written informed consent, and 
the protocol of the study was approved by the regional ethics 
committee (Comitc Consultatif de Protection des Personnes dans 
la Recherche Biomedicale de Bourgogne) in 2005. 

Health related Quality of life assessments 

HRQpL was assessed using the EORTC-QLQ;C3() [16] and 
the EORTC QLQ;BR23 questionnaires [17] at diagnosis (TO), at 
the end of the first hospitalization (Tl) and, three (T2) and six 
months after the first hospitalization (T3). The QLQjCSO is a 
cancer specific tool composed of 30 items which generate 15 
scores: five scores of functional parameters, a financial difliculties 
scale, and eight scores for symptoms. The breast cancer module 
comprises 23 questions assessing disease symptoms and the side- 
efTects of treatment. These scores vary from 0 (worst) to 100 (best) 
for functional functions and from 0 (best) to 100 (worst) for 
symptom parameters. 



Patients were also asked to assess their QpL expectations at 
baseline using the following question: do you expect that your 
QpL: 

1) will not change globally, 

2) will deteriorate, 

3) will improve. 

Assessment of the recalibration component of RS using 
the then-test method 

Recalibration was assessed using the then-test method. This 
method requires patients to rate their previous health state from 
their current perspective [5,18]. The order in which the QpL 
questionnaires, then-test and post-test, were administered was 
determined by randomization 1:1 with center stratification to 
assess the impact of the order of the questionnaires on RS 
estimates. In arm A, patients were asked to complete the 
questionnaires at time T (posttest), and then retrospectively 
(then-test) to assess baseline QpL at the end of the first 
hospitalization. In arm B, the order of the questionnaires was 
then-test/post-test. In this study, we did not compare patients 
according to randomized arm b(-cause prcx ious study showed only 
a small impact of the ordre of the randomized arm on QpL scores 
[10]. Three then-tests were implemented (figure 1): two to 
retrospectively assess baseline QpL (measured at the end of the 
first hospitalization and 3 months after the first hospitalization) 
and one to retrospectively assess the three-month Q()L (measured 
at 6 months). In other words, patients were asked to retrospectively 
assess their baseline QpL at Tl (then testl) and at T2 (then test 2), 
and to retrospectively assess their three-month QpL at T3 (then 
test 3).The mean differences between the assessment of the 
baseline QpL at the inclusion (pretest) and then testl were 
calculated to assess recalibration at the end of the first 
hospitalization. In order to assess recaKbration at 3 months, the 
mean difTerences between the assessment of the baseline QpL at 
the inclusion and thentest2 were calculated. Lastly, the mean 
differences between the three-month QpL and its retrospective 
assessment at 6 months (then-test3) were compared in other to 
assess recalibration in internal standards at 6 months. A + (or — ) 
mean difference between the "then-test and the pre-test" 
retrospectively reflects a higher (or lower) QpL level at baseline 
(or at 3 months) for the functional (or symptoms) dimensions. 

Statistical methods 

Patients' characteristii:s were described and compared accord- 
ing to the completion of baseline questionnaire in order to 
determine whether missing score at inclusion was dependent on 
patients' clinical or sociodemographic status. 

WUcoxon matched pairs tests were used to assess recalibration. 

Time to QpL deterioration. All patients who had a baseline 
and at least one follow-up QpL assessment were included in the 
TTD analyses. 

The time to QpL deterioration (TTD) was defined as the time 
from inclusion in the study to the first 5-point [19] decrease in 
QpL scores according to baseUne score. Patients were censored at 
the time of the last QpL completed if they had not deteriorated 
before tirat [14]. 

To take into account the recalibration component of RS, then- 
test assessments were used as reference scores when significant 
recalibration effects were observed. Therefore, if significant 
recalibration of baseline QpL was observed only at Tl (or at 
T2), analyses were done using then- testl (or then-test2), as the 
reference score. In addition, then-test3 was used in TTD analyses 
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Figure 1 . Quality of life data collection procedure. 

dol:10.1371/journal.pone.0096848.g001 
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(instead of three-month Q()L), when significant recalibration of the 
three-month Qoh was observed at T3. 

The TTD was estimated using the Kaplan-Meier method. The 
TTD was described using medians and the 95% confidence 
interval (CI). Statistical significant difference between median 
TTD when recalibration component of RS was taken into account 
and median TTD when recalibration was not taken into account 
was assessed using bootstrap Kaplan-Meier estimate of median 
TTD. Nonparametric 95% confidence intervals for the difference 



in bootstrap Kaplan-Meier estimate of median TTD were 
computed. Differences between medians were considered statisti- 
cally significant if their 95% confidence intervals did not include 
the value of 0. 

Cox regressions were applied to identify factors associated with 
TTD for each QpL dimension. All variables with an univariate 
Cox p value £0.20 were eligible for multivariate Cox analyses. 
Cox multivariate analyses were stratified on the center of 
inclusion. The statistical significance level was set at p = 0.05 for 
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Cox models analyses and reduced to p = 0.01 for the analysis 
performed with the then-test method in order to prevent false 
positive results due to the number of multiple comparisons 
performed with this method. 

Analyses were performed using STATA Statistics 11 /Data 
Analysis Software (StataCorp LP, CoUege Station, Texas, USA) 

Results 

Patients 

Between February 2006 and February 2008, 38 1 patients were 
included. Patients' characteristics have been widely described 
elsewhere [10]. Briefly, the mean age was 58 years (SD = 11.1), 
124 (33%) patients underwent mastectomy, 131(34%) had sentinel 
lymph node biopsy (SLNB) and 155 (40%) received adjuvant 
chemotherapy (Table 1). 

QoL completion 

At baseline, 359 (94.2%) patients completed the questionnaire 
with at least one available QpL dimension and 357 (93.7%) had a 
baseline- and at least on(^ follow-up QpL assessment. The clinical 
and pathological characteristics of these two populations were 
similar and are presented in Table 1 . Only the center of inclusion 
was statistically different according to missing score. 

Response shift 

Retrospective assessments of baseline QoL 

The occurrence of recalibration effects difiFered according to the 
time of the retrospective assessment (Tl or T2) for 7 dimensions. 
For fatigue, appetite loss and the side effects of systemic therapy, 
with mean differences (MD) in QtjL scores of — 1 .8(p = 0.0006), — 
2.9(p = 0.0081) and - 1.96(p = 0.0001), respectively (Table 2), 
symptoms were significantly higher at inclusion than the 
retrospective assessment at Tl (then-testl). These differences were 
no longer statistically significant with the retrospective assessment 
of the baseline QpL at T2 (then-test 2). 

Moreover, the MD in global health (GHS), role-functioning and 
social-functioning scores as well as body-image were not statisti- 
cally significant with then-testl, but became significant with then- 
test2. Indeed, QpL scores for GHS, role-functioning, social- 
functioning and body-image were significantly higher at inclusion 
than the retrospective assessment at T2: MD = — 3.7(p = 0.0014), 
MD = -6.3(p<0.0001), MD= -3. 86(p = 0.0012) and MD=- 
6.47(p = 0.0001), respectively (Tabic 2). 

For emotional-functioning, cognitive-functioning, future per- 
spectives, diarrhea and insomnia symptoms, the recalibration 
effects at Tl and T2 were similar (Table 2). QpL scores were 
higher for the retrospective assessments as compared to the 
baseline QoL level. MD between then-test2 and pretest scores 
were MD = 6.89(p<0.0001), MD = 3.09(p = 0.0012) and 
MD = 7.6(p<0.0001) for emotional-functioning, cognitive-func- 
tioning and future perspectives, respectively. Insomnia: MD = — 
7.25(p = 0.0001) and diarrhea: MD = -2.9(^5 = 0.0019) symptoms 
were significandy higher at inclusion the retrospective assessment 
(Table 2). 

Retrospective assessment of the three months QpL (then- 
testS). The retrospective assessment of 3-month QoL scores at 
T3 (then-test3), showed that MD between then-test 3 and 3-month 
scores were statistically difierent for most QpL dimensions 
(Table 2). For example, QoL scores were higher at the 
retrospective assessments (T3) than at 3 months for physical- 
functioning (MD = 4.3) and role-functioning (MD = 6.95). Fur- 
thermore, fatigue (MD=— 9.48), pain (MD = — 5.07), dyspnea 



(MD=— 3.25) and insomnia (MD=— 3.96) symptoms were 
significandy higher at 3 months than when evaluated retrospec- 
tively at T3. 

Time to QoL deterioration 

Medians TTD for the studied population are shown in table 3. 
Results showed that median TTD were significandy shorter when 
recalibration was not taken into account than when recalibration 
was taken into account for global health, role-functioning, social- 
functioning, body-image and side effects of systemic therapy 
(figure 2 a to f). For example for GHS, the median TTD increased 
from 3.1 [2.9-3.3] when recalibration was not taken into account 
to 3.6[3.2-6.3] when it was (figure 2a). For role-functioning 
(figure 2b), the median TTD increased from 3.2[3.1-3.3] to 
4.7 [3.3-6.2] when recalibration was taken into account. For social 
functioning score (figure 2d), median TTD increased from 3.6 
months to 6.3 months when recalibration was taken into account. 
For body image score (figure 2e), median TTD increased from 3.3 
months to 6.2 months (table 3). 

However, for emotional-functioning dimension (figure 2c) 
median TTD was significantly longer when recalibration was 
not taken into account. Bootstrap Kaplan-Meier estimate of 
difference in median TTD was — 3.13[— 3.8— 0.5]. For the other 
dimensions no statistically significant difference was found 
between median TTD. 

Univariate analyses of TTD 

Results of the univariate Cox analyses of TTD are reported in 
table SI in File SI for QLQ-C-30 score and table S2 in File SI for 
QLQ_-BR23 scores. An MCID of 5 points was used for these 
analyses. For example, for the body-image score, when recalibra- 
tion was not taken into account, there was no beneficial effect on 
TTD of either SLNB or not undergoing radiotherapy. When 
recalibration was taken into account, women treated with SLNB 
had a significantly longer TTD than those treated with axillary 
lymph node dissection (ALND): HR = 0.65 [0.45-0.93]. Concern- 
ing radiotherapy, patients who did not receive treatment by 
radiotherapy had a significandy longer TTD than those who 
underwent radiotherapy. 

Cox multivariate analyses of TTD 

Multivariate Cox models analyses were done for all dimensions 
of the QLQ-C30 and BR-23 questionnaire. However, for 
parsimony of the presentation, only dimensions (of QLQ-C30 or 
BR23) where times to deterioration estimations were significandy 
influenced by factors are shown in table 4. For body-image, when 
RS was not taken into account, cox multivariate analyses showed 
that the modality of surgery was significantly associated with TTD. 
Patients who underwent mastectomy had a shorter TTD for body- 
image as compared to patient having conservative surgery: HR 
1.8[1.3-2.5]. 

When recalibration was taken into account for body-image, the 
association between TTD and the modality of surgery became 
non-statistically significant while radiotherapy became significandy 
associated with TTD. Patients who did not receive radiotherapy 
had a significantly longer TTD than did those who received 
radiotherapy: HR 0.60 [0.38-0.94]. 

Cox multivariate analyses showed that, expectation about QoL 
level at baseline was significandy associated with TTD. As 
example, when the recalibration component of RS was taken into 
account, QoL expectancy at baseline was significantly associated 
with TTD in GHS, physical-functioning, cognitive-functioning, 
social-functioning, and breast symptoms scales. Patients who 
expected a deterioration in their QpL at baseline had a 
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Table 1. Characteristics of patients according to the 


completion of quality of life questionnaire 


at baseline. 






Patients with at least one baseline 
score (359) 


Patients without baseline 
score (22) 


Fisher exact test 




N 


{%) 


N 


(%) 




Lymph node dissection(LND) 


Axillary LNu 


127 


35.4 


1 1 


50 


0.363 


Sentinel lymph node biopsy 


124 


34.5 


7 


31.8 




A 1 Mr\ 1 CI M D 


32 


8.9 


0 


0 




No LNu 


72 


20.1 


3 


13.6 




unknown 


4 


1.1 


4 


4.6 




Surgery type 










1.000 


mastectmoy 


117 


32.6 


7 


31 .8 




no mastectomy 


227 


63.2 


14 


63.6 




unknown 


15 


4.2 


1 


4.6 




Chemotherapy 










0.500 


yes 


148 


41 .2 


7 


31.8 




no 


204 


56.8 


14 


63.6 




unknown 


7 


2 


1 


4.6 




Radiotherapy 










0.814 


yes 


239 


66.6 


15 


68.2 




no 


1 1 3 


31 .5 


6 


27.3 




unknown 


7 


2 


1 


4.6 




Hormone therapy 










0.509 


yes 


162 


45.1 


8 


36.4 




no 


190 


52.9 


1 3 


59.1 




unknown 


7 


2 


1 


4.6 




Care center 










0.030 


Dijon 


250 


69.6 


21 


95.5 




Nancy 


74 


20.6 


0 


0 




Reims 


17 


4.7 


1 


4.6 




Strasbourg 


1 8 


5 


0 


0 




Comorbidity 










0.162 


yes 


229 


63.8 


10 


45.5 




no 


128 


35.7 


1 1 


50 




unknown 


2 


0.6 


1 


4.6 




btage (AJCC) 










0.555 


0 


76 


21 .2 


2 


9.1 




1 


126 


35.1 


9 


40.9 




2 


1 1 1 


30.9 


7 


31 .8 




3_4 


15 


4.2 


0 


0 




unknown 


31 


8.6 


4 


18.2 




Marital status 










0.309 


married 


262 


73 


19 


86.4 




Not married 


87 


24.2 


3 


13.6 




unknown 


10 


2.8 


0 


0 




Live alone 










0.391 


yes 


59 


16.4 


2 


9.1 




no 


260 


72.4 


19 


86.4 




unknown 


40 


11.1 


1 


4.6 




Education Degree 








0.204 




low level 


156 


43.5 


11 


50 




high level 


150 


41.8 


5 


22.7 
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Patients with at least one baseline 
score (359) 


Patients without baseline 
score (22) 


Fisher exact test 




N 


(%) 


N 


(%) 




unknown 


53 


14.8 


6 


27.3 




Job 










0.491 


working 


173 


48.19 


8 


36.36 




not working 


172 


47.91 


12 


54.55 




unknown 


14 


3.9 


2 


9.1 






Mean 


SD 


Mean 


SD 


p Mann&Whitney 


Age 


57.8 


11.1 


61.3 


9.9 





doi:l 0.1 371 /journal.pone.0096848.t001 



significantly shorter TTD than patients who expected an 
improvement in their QpL at baseline HR: 1.60[1.05-2.45], 
HR: 1. 95[1. 33-2.86], HR: 1.64[1.07-2.52] and HR: 1.75[1.11- 
2.75] for GHS, physical, cognitive and social scores, respectively. 

Discussion 

In this study, we examined the impact of the recalibration 
component of response shift on TTD estimations of QpL scores in 
breast cancer patients. Our results underlined that BC patients' 
internal standards for assessing their QpL could change during the 
course of treatment and disease. 

The recalibration of BC patients' internal standards had a 
significant effect on Time to QpL score deterioration for six of the 
23 dimensions. Indeed, the median TTD of the studied-population 
was underestimated for global health, role-functioning, social- 
functioning, body-image and side effects of systemic therapy when 
recalibration was not used as reference score to qualify QpL score 
deterioration. Regarding the emotional-functioning scale, the 
median TTD was overestimated when recalibration was not taken 
into account. 

Our results showed that, as compared to ALND SLNB modality 
was independently associated with longer TTD for arm symptoms, 
nausea and vomiting symptoms as well as systemic therapy side 
effects [14,20-23]. Interestingly, for breast symptoms, our results 
showed that SLNB followed by complementary ALND resulted in 
a significantly shorter TTD than for ALND alone [14]. According 
the surgical modality, TTD was significantly associated with 
diarrhea symptoms when recalibration was take into account. In 
contrast, for body-image, we found a significant association 
between the type of surgery and TTD only when the recalibration 
effect was not take into account. To our knowledge, no study 
reporting the association between the type of surgery and QpL has 
considered the effect of the recalibration component of RS [24— 
27]. In addition, we suggest that radiotherapy could be 
independentiy associated with a shorter time to body-image 
deterioration, when RS into account. These results underline the 
requirement to assess impact of RS through sensibility analyses. 

Moreover, patients who expected deterioration or no change in 
their QpL level reported a significantly shorter TTD than patients 
who expected an improvement. Previous studies have also 
suggested that the high expectation of patients regarding health 
and QpL level, could predict better outcome [2,28-3 1 ,] . Although, 
heterogeneity between studies clinical outcome, investigators have 
consistently and in a majority shown strong, statistically and 
clinically significant associations between patients' expectations 



and chnical recovery. However, the interpretation of this 
association remains unclear. Incorporating questions about patient 
expectations related to health and QpL in future trials should be 
promote to clarify the role for clinical outcomes. 

One of the limits of our study is that we focused on the 
recalibration component of response-shift only using then test 
method. 

Furthermore due to the retrospective assessment, a major 
limitation of the then-test method is its susceptibility to recall bias. 
Thereby, respondents are supposed to be able to remember their 
previous health and QpL level at the baseline assessment [18,32]. 
The risk when using this approach could be that patients will miss 
to accurately recall their health and QpL level before the 
intervention (recall bias). Additionally, recent evidence has 
emerged amongst patients undertaking self-management interven- 
tions for chronic diseases that the then-test approach may contain 
psychometric flaws resulting from implicit theory of change, social 
desirability, halo effects and recall bias [33]. Including a 
comparison group when designing studies could help to achieve 
optimal use of the then-test approach. However, RS has been 
defined as a treatment-dependent phenomenon, pre-test, post-test 
and then-test scores of control subjects would only reflect effects 
due to history, maturation or testing. Thus, recalibration RS is 
only indicated if the difference between the then-test and pre-test 
scores are significantly larger in the experimental than in the 
control group [18]. 

Response shift has been explored over time in HRQpL through 
a variety of designs and statistical methods. Each of these methods 
is specific, with its own advantages, limitations and challenges. 
However, assessing response shift is of paramount importance in 
longitudinal HRQpL research. 

In conclusion, our study showed that BC patients' internal 
standards change during QpL foUow-up. Since patients could 
accommodate to the treatment toxicities or disease progression 
over time, this could result in the attenuation or the inflation of 
treatment effect estimation. Therefore, cancer clinical trials must 
investigate the RS effect more deeply. We encourage to plan 
longitudinal QpL analyses taking it into account such effect to 
improve interpretation of the results. Our study also showed that 
baseline QpL expectations were associated with QpL deterioration 
in several dimensions. For this reason, health care providers should 
give adequate counselling and psychological support to the 
patients at the time of the diagnosis to prevent the early QpL 
level deterioration. 
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Figure 2. Time to deterioration in QoL score in tlie studied population with response sliift (RS) talien Into account or not. a) for the 

general health score of the QLQ-C30. b) for the role functioning score of the QLQ-C30. c) for emotional functioning. d)for social functioning, e) for 
body image, f) for systematic therapy side effects. 
doi:1 0.1 371/journal.pone.0096848.g002 



PLOS ONE I www.plosone.org 



8 



May 2014 I Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 



Q 

c 

a 

a 
£ 

o 



a 

n 

a 



o 
o 

13 



C 
O 

a. 
E 
o 



■D 

« 

E 



5 S 
3 1^ 



V ° 



I I 

















++ 






























++ 












ro 




(N 


rsi 




FT 






r>j 


in 


rM 








\6 




vD 






yO 


ro 




ro 


i< 


l< 














1 








<N 












t 






ro 


fN 


ro 






rN 


1^ 


1^ 




ro 


Oi 


rsi 


ro 


d 


ro 


ro 


VD 


•■6 


d 




d 


vd 


vd 


l< 


vd 


CO 




ro 




























m 




vD 


vO 


ro 




rs 


p 




vO 


VD 


CO 


CC 


ro 


o" 




ro 


VD 








ro 


vd 


vd 


CO 








ro 




ro 


(Ji 




U-) 






VD 












ro 




r-. 


ro 


LO 


O 


O 




o 






rsi 






fN 










ro 


0^ 


rsi 






CO 




VD 


fN 




CO 


CO 




LO 


LD 


o> 


O 






VD 






O 


fN 


O 


O 


O 


o 


fN 


fN 


ro 


o 


o 


o 


rsj 


O 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


CM 


ro 


rsi 


VD 






CC 


ro 




VD 


CC 


cc 


CC 


ro 




ro 


r< 


CO 


vd 


ro 




ro 


CO 


CO 








a\ 






1 

ro 




ro 




vO 


o\ 


CO 


in 


1 

ro 


ro 


rsi 


r>i 


d 


ro 




VD 


ro 


d 


VD 


d 


vd 


vd 


l< 


vd 


CO 




in 


(N 


VD 












rsj 


rs 


VD 


CO 


cc 


ro 


d 


ro 


VD 




ro 


<N 


00 


ro 




r< 


CO 


r< 




>£> 




vD 


ro 




O 






O 


ro 


CO 


VD 


rsi 








rsi 


u-i 


U-i 




5- 




ro 


rsj 


ro 


O 










rsi 












rM 










in 








CTi 


CO 


LO 








hv 


VD 


O 




CO 


fN 


CM 




rsi 




rsi 




ro 


ro 


r^ 


rsi 


ro 


rsi 


rsi 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 


ro 



•il- CO ^ 

CO ^ 
rN ^ m 



Jj .2 



G 



2 o 

- I 

E 

y >^ 



a 

_J 

a 



a 
a 



c c 

QJ O 

a. E 
tV.° 

ro ro ^ 
O 

fO fO I 

^ ^ ro 



OJ 0) OJ 
.> > .> 

tJ tj tj 
0) OJ 
Q. Q. Q. 



a O 



E £ 

ro ro 



£ E 



fO fD 

0) OJ 



.2 o 

fO fD 

fo Id 

0) (U 



a> oj <u 

rsi fvi , 
a] oj a) {fl 



o3 o3 

tt S 

OJ oj 

Y V V 

c c c c 

-■ <]j ^ 

>Y r-Y -^T 



II 
TO 

O o t 

< 6d - 



PLOS ONE I www.plosone.org 



9 



May 2014 | Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 




PLOS ONE I www.plosone.org 



10 



May 2014 | Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 

















o 
























rr, 




CO 


m 




CO 


(N 


IT) 


o 




o 









in 

CO 


in 




o 






o 


rn 






in 




o 


o 











o 



E 
o 



o 



t 7 



O t- 



I- >- o 



Q 
Z 



00 

m 
to 



o 
n 



t3 
a 

K 
01 

J* 



o 



= 2 - 



o .i 



5 £ 



o 



a 
E 



T3 

o 
E 
o 
u 



1i 



PLOS ONE I www.plosone.org 



11 



May 2014 | Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 



c 
o 
u 

n 



ro 






u-i 




T 


d 


CO 


CO 


CO 


in 


m 




o 


d 


d 



























o 




o 




o 


O 


o 










c 








3 








0 








u 








u 








Q 




rM 


VD 


0 


p 


rn 


VD 








d 






T 








u-i 




Wl 




m 




oc 


d 


d 


d 


>^ 








0 








c 








0 








n 








^ 








"(5 








u 








0) 




CO 


u-i 








m 


0) 


d 


d 


d 


c 








IS 








n 
















*' 








3 








0 
























1 









m 

N 

m 



Q 
z 



■= 'i "5 + 



a. 

X 

J* 



o 











VD 


1^ 




a* 


d 




d 


1^ 


00 


o 


rsj 


ro 




d 


d 


d 









Q 
Z 



S £ >- 

*■ y E 

>> a o 

S, P ^ 



= 3 - 



5 £ 



E = 



■i 9 



E < V A 



PLOS ONE I www.plosone.org 



12 



May 2014 | Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 




PLOS ONE I www.plosone.org 



13 



May 2014 | Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 




PLOS ONE I www.plosone.org 



14 



May 2014 | Volume 9 | Issue 5 | e96848 



Quality of Life Analysis and Response-Shift 



Supporting Information 

File SI Tables SI and S2. Table SI. Univariate analyses of 
time to QLQ;C30 score deterioration for factors significantly 
affecting TTD with or without taking at:count of the recalibration 

component of RS. Table S2. Univariate analyses of time to QLQ; 
BR3 score deterioration for factors significandy affecting TTD 
with or without taking into account the recalibration component 
of RS. 
(DOC) 

References 

1 . Hagcrty RG, Butow PN, Ellis PA, Lobb EA, Pendlebury S, et al. (2004) Cancer 
patient preferences for communication of prognosis in the metastatic setting. 
J Clin Oncol 22(9): 172 1-30 

2. Carr AJ, Gibson B, Robinson PG (2001) Is quality of life determined by 
expectations or experience? BMJ 322, 1240-1243. 

3. Allison PJ, Locker D, Feine JS (1997) Quality of life: a dynamic construct. Soc 
SciMed 45(2), 221-230. 

4. Howard GS, Ralph KM, Gulanick NA, MaxweU SE, Nance SW, et al. (1979) 
Internal invalidity in pre-test-posttest self-report evaluations and a re-evaluation 
of retrospective pre-tests. Appl Psychol Meas 3: 1—23. 

5. Schwartz C^E, Sprangers MA (1999) Methodological approaches for assessing 
response shift in longitudinal health-related qualitv-of-life research. Soc Sei Med 
■18(11): 1531 1548 ^ 

6. Sprangers MA, Schwartz CE (1999) Integrating response shift into health- 
related quadity of life research: a theoreticail model. Soc Sci Med 48(1 1): 1507- 
1515. 

7. Ubel PA, Peeters Y, Smith D (2010) Abandoning the language of "response 
shift": a plea for conceptual clarity in distinguishing scale recalibration from true 
changes in quality of life. Qua! life Res 19(4): 465^71. 

8. Andrykowski MA, Donovan KA, Jacobsen PB (2009) Magnitude and correlates 
of response shift in fatigue ratings in women undergoing adjuvant therapy for 
breast cancer. J Pain Symptom Manage 37(3):341-351. 

9. Sprangers MA, Van Dam IS, Broersen J, Lodder L, Wever L, et al. (1999) 
Revealing response shift in longitudinal research on fatigue — the use of the 
thentest approach. Acta Oncol 38(6):709-718. 

10. Dabakuyo TS, Guillemin F, Conroy T, Velten M, Jolly D, et al. (2013). 
Response shift effects on measuring post-operative quality of life among breast 
cancer patients: a multiccnter cohort study. Qual Life Res 22: 1-1 1. 

11. Donaldson GW, Moinpour CM (2005) Learning to live with missing quality-of- 
life data in advanced-stage disease trials. J Clin Oncol 23(30): 7380-7384. 

12. Lipscomb J, Donaldson MS, Arora NK, Brown ML, Clauser SB, et al. (2004) 
Cancer outcomes research. J Nad Cancer Inst Monogr (33): 178-197. 

13. Bonnetain E, Dahan L, Maillard E, Ychou M, Mitry E, et al. (2010) Time until 
definitive quality of life score deterioration as a means of longitudinal analysis for 
treatment trials in patients with metastatic pancreatic adenocarcinoma. 
Eur J Cancer 46(15), 2753-2762. 

14. Hamidou Z, Dabakuyo TS, Mercier M, Fraisse J, Causeret S, et al. (201 1) Time 
to deterioration in quality of life score as a modality of longitudinal analysis in 
patients with breast cancer. Oncologist 16(10), 1458-1468. 

15. Anota A, Hamidou Z, Paget-Bailly S, Chibaudel B, Bascoul-Mollevi C, et al. 
(20 1 3) Time to health- related quality' of life score deterioration as a modality of 
longitudinal analysis for health-related quality of life studies in oncolo^gy: do we 
need RECIST for quality of lil'e to achic\ e stanclardization?Qual Life Res DOI 
1 0. 1 007 /s 1 1 1 36-0 1 3-0583-6 ^ 

16. Aaronson NK, Ahmcdzai S, Bergman B, BiiUinger M. (Jail A. et al. (1993) The 
European Organization for Research and Treatment of Cancer QLQ_-C30: a 
quality-of-lifc instrument for use in international clinical trials in oncology. J Nad 
Cancer Inst 8 5(5): 365-3 7 6. 

17. Sprangers MA, Groenvold M, Arraras JI, Franklin J, te Velde A, et al. (1996) 
The European Organization for Research and Treatment of Cancer breast 



Acknowledgments 

Wc thank Erwan PETIT, Olivera BUIREY, and Philippe BATAILLARD 
for collecting the data and Philip BASTABLE for correcting the 
manuscript. 

Author Contributions 

Conceived and designed the experiments: FB ZH MM. Performed the 
experiments: EG TC MV DJ. Analyzed the data: FB ZH TSD MG. 
Contributed reagents/materials/analysis tools: SC OG. Wrote the paper: 
FB ZH TSD. 



caneer-speeific f|uality-of-life questionnaire module: first results from a three- 
country field study. J Clin Oncol 14(10):27r)6 2768. 

18. Schwartz CJE, Sprangers MA (2010) (Guidelines for improving the stringency of 
response shift research using the thentest. Qual Life Res 19(4):4f)5-464. 

19. Osoba D, Rodrigues G, Myles J, Zee B, Pater J (1998) Interpreting die 
significance of changes in hcEdth-related quahty-of-life scores. J Clin Oncol 
16(1):139^4. 

20. Dabakuyo TS, Fraisse J, Causeret S, Gouy S. Padeano MM, et al. ^2009) A 
multicenter cohort study to compare cjualily of life in lireasi cancer patients 
according to sentinel lymph node biopsy or axillary' Ivmph node dissection. Ann 
Oncol. 20(8): 1352-61. 

21. Hard K, Janni W, Kastner R, Sommer H, Strobl B, et al. (2003) Impact of 
medical and demographic factors on long-term equality of life and body image of 
breast cancer patients. Ann Oncol 14(7):1064— 1071. 

22. Hopwood P, HavilandJ, Mills J, Sumo G, Bhss M (2007) The impact of age and 
clinical factors on quality of life in early breast cancer: an analysis of 2208 
women recruited to the UK START Trial (Standardisation of Breast 
Radiotherapy Trial). Breast 16(3):241-251. 

23. Mansel RE, Fallowfield L, Kissin M, Coyal A, Newcombe RC, et al. (2006) 
Randomized multiccnter trial of sentinel node biopsy versus standard axillary 
treatment in operable breast cancer: the AUVIANAC Trial. J Nad Cancer Inst 
98(9):599-609. 

24. Veronesi U, Paganelli G, Viale G, Luini A, Zurrida S, et al. (2003) A 
randomized comparison of sentinel-node biopsy with routine axillary dissection 
in breast cancer. N Engl J Med 349(6):546-553. 

25. Purushotham AD, Upponi S, Klevesath MB, Bobrow L, Millar K, et al. (2005) 
Morbiditv after sentinel lymph node biopsy in primary breast cancer: results 
from a randomized controlled trial. J Clin Oncol 23(19):4312-4321. 

26. Arndt V. Stcgmaier CJ, Zicgler H, Brenner H (2008) Qiiality of life over 5 years 
in women with breast cancer after breast-conserving therapy versus mastectomy: 
a population-based study. J Cancer Res Clin Oncol 134(12):1311-1318. 

27. King MT, Kenny P, ShieU A, HaU J, Boyages J (2000) Quality of life three 
months and one year after first treatment for early stage breast cancer: influence 
of treatment and patient characteristics. Qual Life Res 9(7):789-800. 

28. Gepstein R, Arinzon Z, Adunsky A, Folman Y (2006) Decompression surgery for 
lumbar spinal stenosis in the elderly: preoperative expectations and postoper- 
ative satisfaction. Spinal Cord 44(7):427-431. 

29. Lutz GK, Butzlaff ME, Adas SJ, Keller RB, Singer DE, et al. (1999) The relation 
between expectations and outcomes in surgery for sciatica. J (ien Intern Med 
14(12):740-744. 

30. Ronnberg K, Lind B, Zoega B, Halldin K, Gellcrstedt M, et al. (2007) Patients' 
satisfaction with provided care/ information and expectations on clinical 
outcome after lumbar disc herniation surgery. Spine 32(2):256-261. 

31. Myers SS, Phillips RS, Davis RB, Gherkin DC, Legedza A, et al. (2007). Patient 
Expectations as Predictors of Outcome In Patients with Acute Low Back Pain. 
J Gen Intern Med 23(2): 148-53. 

32. Norman Q (2003) Hi! How are you? Response shift, imphcit theories and 
differing epistemologies. Qual Life Res 12(3):239-249. 

33. Nolte S, Elswoth GR, Sinclair AJ, Osborne RH (2009) Tests of measurement 
invariance failed to support the application of the "then-test". J Clin Epidemiol 
62: 1173-80. 



PLCS ONE I www.plosone.org 



15 



May 2014 I Volume 9 | Issue 5 | e96848 



